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(57)Abstract: 

PROBLEM TO BE SOLVED: To inexpensively provide a 
titanium -nitride-aluminum film coated tool excellent in 
film adhesion as compared with a conventional coated 
tool, dense and high in film hardness and extremely 
excellent in performance by a comparatively easy 
method. 

SOLUTION: The titanium nitride^luminum film coated 
too! is constituted so as to impart tensile residual stress 
to a titanium nitride-aluminum film, to make a crystal 
structure as a cubic phase and to contain chlorine by 
0.01 to 2 mass %. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1-This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

{Field of the InventionJThis invention relates to the tool which covers a titanium nitride 
aluminum film in more detail about the covering too! used as a cutting toot, an abrasion- 
resistant tool, etc. 
[Q0Q21 

[Description of the Prior ArtjGenerally membranes are formed by PVD at 400-500 **, and the 
titanium nitride aluminum film is used abundantly as coating membrane for rotating rotary 
tools. However, although comparatively good abrasion resistance is shown, since forming 
temperature is low temperature comparatively, the titanium nitride aluminum film formed by 
PVD has a fault which is inferior in the adhesion between a film, a base, or a film. Compared 
with a CVD method, a film is attached as a general fault by PVD, the surroundings are bad and 
there are problems, like that it is not suitable for complicated shape and it is inferior to mass 
production nature. 

[0003]On the other hand, although the titanium nitride aluminum film which forms membranes 
with a CVD method is also proposed in JP,05-337705,A, the patent No. 2999346 gazette, etc., 
Since membranes are comparatively formed at low temperature using plasma, while the 
adhesion between films is inferior, chlorine remains, film hardness is low and the fault in which 
abrasion resistance is inferior is in a film. Although a film is attached and it is improved rather 
than PVD also in respect of the surroundings, the unevenness of the thickness resulting from 
the unevenness of plasma and membraneous quality is avoided, and is unsuitable in ****, the 
tool of complicated shape, a large-sized tool, a tool with much quantity, etc. Since strict 
management of plasma is indispensable for the quality stable furthermore, the mass 
production by a large-sized device is difficult, its manufacturing cost is dramatically as high as 
a complicated and expensive installation cost conjointly, and the actual condition is that 
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production in a commercial base therefore is not performed at all. 
[0004] 

[Problem(s) to be Solved by the inventionjbased on these actual condition, there is the issue 
which this invention tends to solve in providing cheaply the titanium nitride aluminum film 
covering tool whose film hardness membranous adhesion is excellent as compared with the 
former, it is precise, and is high and which is markedly alike and is excellent in performance by 
a comparatively easy process. 
[0005] 

[Means for Solving the ProblemJA titanium nitride aluminum film covering tool concerning this 
invention makes it a gist to make a crystal structure into a cubic and to make content chlorinity 
into 0.01 - 2 mass % while it is pulled to a titanium nitride aluminum film and gives remaining 
stress. 

[0006]A titanium nitride aluminum film covering too! concerning this invention, By considering it 
as a film which improves membranous adhesion and makes a crystal structure a cubic and on 
which ****** is not intermingled by a titanium nitride aluminum film's pulling and having 
remaining stress. Crystaliinity is highly precise, a wear-resistant outstanding titanium nitride 
aluminum film can be realized, when chlorinity is 0.01 to 2 mass %, film hardness becomes 
high, the abrasion resistance of a too! is high and further outstanding performance is realized. 
If chlorinity exceeds 2 mass %, a fault to which membranous hardness falls to and abrasion 
resistance as a too! falls will appear. 

[0007]As for this invention, it is preferred in said titanium nitride aluminum film that an 
aluminum content is 0.3 to 60 mass %, its 1 0 - 50 mass % is still more preferred, and it is most 
preferred that it is 20 to 45 mass %. When an aluminum content in a titanium nitride aluminum 
film is 0.3 to 60 mass %, Membranous oxidation resistance improves and the still better 
performance is realized, and when the amount of aluminum possession in a film is ten to 50 
mass %, It is judged that membranous oxidation resistance improves further, still better 
performance is realized, and the performance where oxidation resistance which was most 
excellent when an aluminum content in a film was 20 to 45 mass % was acquired and which 
was most excellent is realized. 

[0008]As for this invention, it is preferred that a field where X diffraction intensity of said 
titanium nitride aluminum film is the strongest is a field (1 11 ) or (31 1 ) a field. When the X 
diffraction peak strongest degree side of a titanium nitride aluminum film is a field (1 1 1) or 
(311) a field, it is judged that a film with high crystaliinity is realized and the still better 
performance is realized. 

[OOOOjThis invention is manufactured when said titanium nitride aluminum film forms 
membranes with a heat CVD method at 700-900 **, using halogenated gas of titanium, 
halogenated gas of aluminum, and NH 3 gas at least as material gas. By using NH^ gas, 

hUp:/7\v\vw4.ip<il.inDit.eo.ip/cei-bia/tnin web cei eije?atw u=hup° «3A° o2F°b2f ; \v\v\v4.ipdl.i... 2 8 08 



JP,200l-341008,A [DETAILED DESCRIPTION] 



Page 3 of 9 



membranes can be formed with a heat CVD method and it has come out by using haiogenated 
gas for it to be stabilized industrially more cheaply and to form membranes, It is judged that the 
still better performance in which a titanium nitride aluminum film was precise by forming 
forming temperature by a high heat CVD method at least, a titanium nitride aluminum film 
excellent in membranous adhesion was obtained, and abrasion resistance was excellent is 
realized. 
[0010] 

[Embodiment of the lnvention]This invention is explained in full detail below. In order to 
manufacture the covering tool of this invention, when using a heat CVD method, it adjusts so 
that membranous adhesion may be improved and remains of chlorine in a film may become 
less than usual PVD and plasma CVD method by making forming temperature high. 
Furthermore, a film formation condition is set up based on the following knowledge found out 
by this invention persons. That is, when the field (311) of the X diffraction intensity of a titanium 
nitride aluminum film becomes strong by setting up forming temperature comparatively highly 
and also temperature is raised (220), it is in the tendency for a field to become strong. When 
the titanium nitride aluminum film of this invention article raises the ratio of concentration of the 
haiogenated gas of the haiogenated gas/titanium of aluminum with a natural thing, It is in the 
tendency whose aluminum content in a titanium nitride aluminum film increases. 
[001 1]An abrasion proof material metallurgy type, molten metal parts, etc. which covered the 
monolayer or the multilayer hard anodic oxidation coatings which does not restrict to a cutting 
tool and contains a titanium nitride aluminum film may be sufficient as the use of the titanium 
nitride aluminum film covering tool concerning this invention, in the covering tool of this 
invention, a titanium nitride aluminum film is not restricted to N (Ti, aluminum) film. For 
example (Ti, aluminum), independent or the film which combined more than one and did 0.3- 

10 mass % addition of each element may be sufficient in Cr, Zr. Ta, Mg, Y, Si, and B at N. In 
the covering tool of this invention, a ground film is not restricted to TIN, and also when a TiC 
film, an AIN film, a ZrN film, a ZrCN film, and a TiCN film are formed, for example as a ground 
film, the operation effect of the approximately said appearance can be obtained as the 
following example. In the covering tool of this invention, the titanium nitride aluminum film does 
not necessarily need to be an outermost film, for example, may cover an aluminum oxide film, 
titanium compounds (for example, a TIN film, the multilayer film of a TiCN film and a TiN film, 
and a TiCN film, etc.), etc. on it further. 

[0012] 

[ExamplejNext, this invention is not limited by these examples although an example explains 
the covering tool of this invention concretely. The cemented carbide board for cutting tools of 
the throwaway tip which consists of a presentation of WC72 mass %, TiC8 mass %, C(Ta, Nb) 

1 1 mass %, and Co9 mass % is set in a heat CVD furnace, H 2 carrier gas, TiCI 4 gas, and N 2 

hUjx//\vww4.ipdl.inpit.go.jp/cgi-W^ 2/8/08 
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gas were used for materia! gas, and TiN of 0.3-micrometer thickness was first formed in the 
substrate face at 900 **. Then, temperature : 700-900 ** and materia! gas TiCI 4 gas:0.05 - 

4.0voi%, /MCI gas : 0.03 - 2.5vol% and NH 3 gas:0.05 - 3.0vol%, Make it change by ****** and 

6000 m!/m of remainders are poured in a CVD furnace as carrier gas of H 2 and N 2 , Forming 

pressure: By making it react on the conditions changed in the range of 2.7 - 15.9KPa, 8- 
micrometer-thick various titanium nitride aluminum films were formed, and the example of this 
invention of the sample numbers 1-32 shown in Table 1 was acquired. 
[0013] 
[Table 1] 
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[0014]Drawing 1 is a typical X diffraction pattern of this invention article measured in 
2theta~1 0-145 degree with 2 theta-theta scanning method using the X-ray diffractometer by 
physical science electrical~and-e!ectric-equipment stock incorporated company, and RU- 
200BH by making the coat portion of the too! side flat part of the sample number 1 1 into a 
measuring plane. To X line source, the software built m the device removed the background 
using the CuKalpha 1 line (iamhda= 0.15405 nm). The grating constant calculated from 2theta 

value of each peak of the titanium nitride aluminum film of this invention article for which it 
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asked from the X diffraction pattern of dj^wing 1 , X diffraction intensity, and each 2theta value 
is summarized in Table 2, and is shown. Draw ing 1 and Table 2 show that the X diffraction 
pattern of the titanium nitride aluminum film of this invention article corresponds with the X 
diffraction pattern of cubic structure well. From Table 2, the grating constant of titanium nitride 
aluminum is 0.39-0.42 nm, and X diffraction intensity is understood that a field (1 11) is the 
strongest and then the intensity of a field (311) is strong. 
[0015] 
[Table 2] 
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[0016JMembranous remaining stress was measured by psi fixed method (theta-2theta linkage 
scan) using the X-ray diffractometer made from Physical science Electrical and electric 
equipment (RU-200BM), and the software for stress measurement (Manual No.MJ13026A01). 
The presentation of the produced film was measured using Horiba 7000 [ energy dispersion 
form X-rays spectroscopic analyzer (EDX) EM AX-]. Measurement is analyzing the presentation 
of a membrane surface, and to the measurement depth of EDX being about 2 micrometers, 
since the thickness of a titanium nitride aluminum film is as thick as 8 micrometers, it is 
considered that the presentation of only a titanium nitride aluminum film is analyzed. The Al 
content of the titanium nitride aluminum film of the analyzed this invention article, CI content, 
and the measurement result of the numerals of remaining stress are written together to Table 
1. The numerals of remaining stress express tension with (+), and express compression with (- 
). Table 1 shows that the titanium nitride aluminum film of the example of this invention has 
tension remaining stress. 

[0G17]in order to clarify influence on the performance by the existence of the tension remaining 
stress in a titanium nitride aluminum film. The titanium nitride aluminum film of 8-micrometer 
thickness was continuously TIN(ed) and formed by the arc ion PUREN Tyng method which is a 
kind of PYD on the same cemented carbide board for cutting tools as the example of this 
invention, and it was considered as the comparative example 33. The numerals of film 
remaining stress had compressive residual stress by (-), and the produced comparative 
example 33 had the cubic structure where a grating constant was 0.41586 nm. 
[0018]ln order to clarify influence on the performance by the crystal structure of a titanium 
nitride aluminum film not being a cubic, the TIN film was formed on the same conditions as the 



http;//www4 .ifx.li.jnpi'. ao . j c c ai -bi n/iran web c.ui c s 1 % t \\ \ - v } I ' " - > ii \ 2/8 08 



JP,2001-343008 5 A [DETAILED DESCRIPTION] 



Page 7 of 9 



example of this invention on the same cemented carbide hoard for cutting tools as the example 
of this invention. Compared with the forming temperature of 930-980 **, and the example of 
this invention, more TiCI 4 gas at an elevated temperature Then, 0.3vol%, NH 3 gas 3vol% for 

AlCig gas 3vol%, The comparative example 34 was produced by passing 5500 ml/m of 
material gas which comprised ** H ? carrier gas 20voi% in N 2 gas in a CVO furnace, and 
forming the titanium nitride aluminum film of 8-micrometer thickness by forming pressure 
17.3KPa. The numerals of remaining stress pull the titanium nitride aluminum film of the 
produced comparative example 34 by {+), and it has remaining stress. The X diffraction pattern 
of the comparative example 34 is shown in drawing 2. According to drawing 2, the peak of 
TiNAIN has appeared independently, respectively, and the peak of cubic N (Ti, aluminum) is 
not observed, but it turns out that they are TiN and AIN film mixture. Although the reason 
divided into two phases of TiN and AIN is not clear, if is thought that AIN of hexagonal structure 
became is easy to be formed, and it became that it separates into TiN, AIN, and two phases, 
and membranes are easy to be formed since this comparative example 33 formed membranes 
at the elevated temperature more compared with the example of this invention. 
[0019]ln order to clarify influence of the performance on [ in case the chiorinity of a titanium 
nitride aluminum film exceeds 2% J, the TiN film was formed with plasma CVD method on the 
same cemented carbide board for cutting tools as the example of this invention. TiCI 4 gas with 

the forming temperature of 600 ** Then, 0.3vol%, NH 3 gas 3vol% for AICI 3 gas 3vol%, 2000 

ml/m of material gas which comprised ** H 2 carrier gas 20vo!% in N 2 gas was passed in the 

plasma-CVD furnace, and the comparative example 35 was produced by forming the titanium 
nitride aluminum film of 8-micrometer thickness with the forming pressure of 66 Pa. The 
titanium nitride aluminum which formed membranes to the comparative example 35 was N (Ti, 
aluminum) single phase, and as a result of having cubic structure and EDX's analyzing, 
chiorinity was 2.5 mass %. 

[0020]Continuous cutting was performed on condition of the following using the example of this 
invention and comparative example which were produced above, and membranous adhesion 
and life were evaluated. 
Work material S53C (HS35) 

Cutting speed 220 m/min delivery !t cuts deeply 0.3 mm/rev. 2.0-mm cutting method The 
adhesion of the dry cutting film was evaluated by observing the existence of film peeling 30 
seconds after a cutting start, and was indicated as film peeling to Table 1. The amount of 
average flank wear and the amount of craters of the edge of a blade were measured whenever 
machining time passed for 1 minute using the tool maker's microscope, the time when average 
width of flank wear land amounted to 0.3 mm was judged to be a continuous cutting life, and 
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this was written together to Table 1 . 

[0021]Table 1 showed that did not produce film peeling but film adhesion was excellent after 
30-second cutting as compared with a comparative example also in which example of this 
invention. In a continuous cutting test, each this invention article has [ the minimum ] a 
continuous cutting life as long as 6 minutes or more, and it turns out that it excels. When the 
aluminum content in [ the cutting test result of the example of this invention of the sample 
numbers 2-28 to ] a titanium nitride aluminum film is 0.3 to 80 mass %, the ingredient which 
the tool characteristic in which the continuous cutting life was excellent for a long time with 8 
minutes or more is obtained, the tool characteristic where the continuous cutting life became 
still longer with 12 minutes or more, and which was further excellent is obtained when it is ten 
to 50 mass %, and is the longest with 18 minutes or more in the time of being 20 to 45 mass 
%, and was most excellent -- it turns out that the characteristic is obtained. When the chlorinity 
in a titanium nitride aluminum film is 0.01 to 1 mass % by comparing the sample numbers 1-32 
of the example of this invention, it turns out that a continuous cutting life becomes still longer, 
and also the performance is excellent. When a field (111) and (311) a field are maximum 
strength by comparing the sample numbers 12, 14, and 17 with other examples of this 
invention, as for the X diffraction intensity of a titanium nitride aluminum film, the time of being 
a field (200) and (220) a field shows that the continuous cutting life is long. It turns out that the 
continuous cutting life in which this invention article is good when the content of aluminum is 
0,3 to 60 mass % is acquired by comparison of the sample numbers 1 , 29, 30, 31, and 32 and 
other examples of this invention. 

[0022] In the comparative example 33, it turned out that a film exfoliates within in 30 seconds in 
machining time, and membranous performance is inferior to this invention article. It turned out 
that the comparative examples 34 and 35 reach a continuous cutting life within 5 minutes, and 
membranous performance is inferior to this invention article. 
[0023] 

[Effect of the Invention'jAs mentioned above, in this invention, a titanium nitride aluminum film 
has **** remaining stress and cubic structure. 

Therefore, crystallinity is high, the adhesion of the titanium nitride aluminum film itself is good, 
and the useful titanium nitride aluminum film covering tool excellent in the performance can be 
realized. 

And the titanium nitride aluminum film covering too! concerning this invention, Since it can 
manufacture with the easy heat CVD method of structure not using plasma, Since the product 
of the quality stable in few control items can manufacture cheaply, a film Is moreover attached 
and there is no problem also in surroundings nature even if it uses a large-sized device, the 
effect which was excellent in many, like the width of applicable tool shape is remarkably wide 
is demonstrated. 
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[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"i.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]a tool substrate -- much more - or an enveloping layer which consists of multilayers 
being provided and at least one layer of this enveloping layer in a titanium nitride aluminum 
film covering too! which is a titanium nitride aluminum film which contains titanium, aluminum, 
and nitrogen at least, A titanium nitride aluminum film covering tool which a crystal structure of 
this titanium nitride aluminum film is a cubic, and has tension remaining stress, and is 
characterized by content chiorinity being 0.01 to 2 mass %. 

[Claim 2]A titanium nitride aluminum film covering tool characterized by an aluminum content 
in this titanium nitride aluminum film being 0.3 to 60.0 mass % in the titanium nitride aluminum 
film covering tool according to claim 1. 

[Claim 3]A titanium nitride aluminum film covering tool, wherein X diffraction intensity of this 
titanium nitride aluminum film serves as the maximum in a field (1 11) or (31 1) a field in a 
titanium nitride aluminum film covering too! given in either of claims 1 and 2. 
[Claim 4|ln a method of manufacturing, the titanium nitride aluminum film covering tool 
according to any one of claims 1 to 3 this titanium nitride aluminum film, A manufacturing 
method of a titanium nitride aluminum film covering tool characterized by forming membranes 
with a heat CVD method at 700-900 ** using halogenated gas and NH 3 gas of haiogenated 

gas of titanium, and aluminum at least as materia! gas. 



[Translation done.] 
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